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Introduction

‘1’hc Atmospheric ‘l’race Molecule Spectroscopy (A’J’MOS) inst mmcnt measured a

large COInplCInCIlt  of stratospheric trace gas concentrations during  the A’1’I,A S-3 mission,

3-12 Nov 1994. Southern hemisphere (SH ) mcasuremcllts  were lnadc at high latitudes

(W640-730S),  in and around the polar vortex. Northcrvl  hemisphere (N 1 I) measurements

ranged from the tropics to nlid-latitudes  (W50-500NT)  [ ~JunsorL cf al., 1996]. Knowledge

of meteorological conditions prior to and during this period is essential  to analysis of

the Arl’MOS/ATLAS-3  data. We summarize here the lnctcorological  conditions before

and during Arl’I,AS-3.

Wc usc gcopotcntial  heights, temperatures and hc)rizontal  winds from the lJnitcd

Kingdom Meteorological OfTicc (lJKMO) stratosphere-troposphere data assimilation

systcm [Sroinbunk and O ‘Nedl, 1994]. Potential vorticity  (PV) is czilculatcd  from the

U K M O  d a t a ;  I’V is scaled in “voriicity  units”  [e.?;.,  fifa71ncy C~ al., 1994] to give a

similar range of values at all lCVCIS. Scaled l)V (sI’V) is given in units  of 10–4 S-l. in

the S11, wc change the sign of SI}V for plotting, so large positive va]ucs  arc shown in

the vortex interior. Strong  horizontal sI’V  gradients 011 isentropic  (constant potential

tcmpcraturc,  0) surfaces represent a barrier to transport, and can bc used to identify

the approximate size, shape, location allcl  evolution of the polar vortex.

An indication of the extent of the polar vortex ill both hcnlis])heres  cluring  the

KI’I,AS-3  missio]l  is ,givcn  in Fig. 1, which shows sPV and its gradient as a function

of O and equivalent latituclc  (EqI,)  [e.g., Butchart and lt011s6c7y,  1986] on 6 INOV 1994.

Eql, is the latituclc  that WOUIC1 cnc]osc  the same area as each s1’V contour for which it

is evaluated; SI)V p]ottcd  in this vortex-centered coord inatc thus gives a. Incasurc  of the

size of the vortex, indcpcndcnt  of whether it may bc distorted or slliftcd off the pole. In

the S11, strong sPV gradients associated with the po]al  vortex cxtmld  from below 375 K

up to about 1000 K; above this lCVC1 gradients arc nlu(:h  weaker , but  some inclination of

a vortex remnant is seen up  to about 1300 K. ‘1’hc vortex is still large and strong below
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about 600 K, with both size and strcngt,h  clccreasing  rapidly with IIeight  above that

level. In the NII, a region  of strong S1]V gradients associated with tl]c  developing polar

vortex is apparcllt  above abc)ut 550 K.

Southern Hemisphere

Fig. 2 shows area integrals [Buichart and  lkmsberg, 1 986] of S1)V as a function of

Eql, during S11 late winter/spring 1994, with the NI’l,AS-3 period illclicatcd.  ‘J’he upper

stratospheric vortex has already broken down (1’ig. 1 ), and the midcllc  stratospheric

vortex (1’’ig. 2a) is being substa,ntial]y  eroded, with rapid weakening of SI)V .gradicnts

during A’1’l,AS-3.  ‘1’hc lower stratospheric vortex (Fig, 211) remains strong, with S1)V

gradients wcakclling rapidly after nlid-November. ‘~his c~olution  is typical of the S11,

and very similar to that in the previous two S11 wil)tcrs [t:.g., h4cznney et al., 1994]. As

noted by Manney et al. [1 994], at the lowest ICVCIS  (w37&420  K), the vortex rc]nains

strong  into l)cccmbcr.

S11 winter lower stratospheric temperatures arc typically lo\v cllough  to form both

type 1 ancl type 11 polar stratospheric clouds (PSCS)  for s(weral  lnol)t}ls,  with ilnportant

collscquenccs  for ozone dcp]etion,  clchydration  and clcnitl  ificatioll  ill  t}]c S11 vo r t ex .

g’hc 1994 S11 winter was fairly typical in this respect, and very similar to tllc 1992

S11  win te r  [fkfanney  anal Zurck-,  19!33].  ‘J’cmperaturcs  first dropl)cd  bclotv  195 K (a

convenient  approxilnation  to the type I l)SC  thrcsllolcl)  around  10 May ancl below  188 K

(approxilnatc]y  t}lc type 11 })S(;  tl]rcsholcl)  around 5 JUII. III late J U1 y, tcmpcraturcs  lCSS

than 195 K extcnclccl  froln  WI 00-7 hl)a and tclnperaturcs  less tliall  1881< from w90-I  O

hPa. Cold regions appear first  near 20 hl’a, ancl persist ]atcst near 100-50 hl’a. in late

winter 1994, 1{’ig.  3 S11OWS tclnpcraturcs  below 188 K until late Scp, and bc]ow 195 K as

late as 2 Nov. ‘1’hc pcrsistcmt  region of tclnpcratures  below  195 K disappcarccl  arouncl

20 Ott, but a slight cooling produced a slnall  region of tclnpcraturcs  bclc)w 195 K over

the }’alrncr  peninsula bctwccn 28 Ott and 2 Nov. ‘J1hc S11 A’1’I,AS-3 mcasurcmcnts  were
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thus maclc 35-45 days after the last occurrence of typical type 11 I)SC  temperatures, and

only a few days after the last occurrence of typical type I PSC temperatures.

Fig. 4 shows the time evolution of PV in the S11 on the 655 K O-surface (N20

h~)a) during A’I’I,AS-3, in relation to the A’J’MOS Incasurerncnts.  ‘1’}le vortex shape

changes rapidly during N1’LAS-3,  but throughout the period it rcmaills  shifted off the

pole towards ~270°11,  so mc)st  of the A1’MOS measurements bctwccIl 180° and 360°

fall within the vortex at this level; thus, cross- sections of trace species constructed

froln  ATMOS measurements over the 10 day period, .sIlch as those S})OWII  by A Lrams  et

al. [1 996] and Rinslrmd et al. [19!%] provide a reasonable picture of the longitudinal

variations in the observations. The measuremcJlt  showl~ by a triang]c  on 6 Nov (SR29)

is used by Rinsland et al. [1996] as an example of a ~)rofile  that is well outside the

vortex; at 655 K, this mcasuremcrlt in fact samples sul)tropica]  air that has been drawn

up around the vortex. The N1’MOS measurcmmlt shown by a triangle on 10 Nov (SR68)

is used  as an example of one that is WCI1 inside the vortex. ‘~’hc rcp;ioll  of strong SI)V

gradients is from ~l. O,to 1.8 x 10-4 s-l. Fig.  5 snows  sl’V on several other O-surfaces

on 4 Nov 1994. ‘1’he vortex is shifted ill the same direction at all lCVCIS,  with highcx

levels s}lifted farther off the pole. The measurement s}]own by a friallgle  (S1t09)  is

examined in detail  by NcuIchurch  cf al. [1996] w]d is within the vortex at all levels, but

is near the insic]e  eclgc at the lowest levels  show]l. As was shown in l’ig. 1, SI)V gradients

at 1100 1{ (and above) arc weak, and only a snla]l  rcn~~lant of vortex air is seen. At 375

K, although strong s1’V gradients exist (Fig. 1), tllcrc arc longitudm  where gradients

arc weak, suggmti]lg  that the average strong gradients at this ICVC1 Inay not rcprcscnt

as strong a l)arricr to transport as that at higher levels where strollg  SI)V gradients arc

continuous around the circurnfcrcncc  of the vortex.

Although the s1’V fielcls  shown above suggest material Irlay hc drawn up from

low latitudes and pu]lcd off tllc  vortex, the cxtmlt  of this bcllavior  is IIot obvious in

the relatively low resolution sPV fields calculated froll~ the lJKh4  () data. ‘J’o  get a
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mom complete picture of the circulation outside the vortex, we use reverse  trajectory

calculat ions [Sutton et al., 1994] (done on an equal area grid with 0.8° latitude

spacing and 0.8° longitude spacing at the equator, ancl run iscntro~)ical]y  for 10 days

using UKMO winds) to generate simulated high-resolution sPV fields. l~ig. 6 shows

high-resolution sPV fields for 4 Nov 1994. The vortex remnant at 1100 K is still

separated from the exterior flow; however, some lower s}’V material characteristic of

the vortex exterior  is being mixed with t,he remaining “vortex’” air. At both 1100 and

840 K, long tongues of material with s1’V typical of the vortex edge are drawn out into

low latitudcx  and coiled up with very low sPV air clrawn  in from low latitudes. ‘1’hcsc

fields show that, at some locations (e.g., near 0° longitude crossing the pole) extremely

strong horizontal tracer gradients would be expected, as I nateria] froln  low latitudes is

wrappccl  around the vortex. Similar calculations for vertical sections show that these

tongues or filaments arc relatively deep, extending down to at least 700 K.

At lower levels, narrow (and gcncral]y  quite shallow) filamcnlts  arc nearly

continuously clrawn off the vortex edge, but arc usually wrapped around the vortex, as

opposed to extending to low latitudes. Such filaments  nla~~ lcacl  to tracer ]ncasurcments

that appear  to bc inconsistent with the fields in l“ig. 5, At 375 K, soIrle ]naterial  with

sPV characteristic of the vortex edge appears to bc entrai]led  clcwp into t}le  vortex; this

supports our earlier suggestion that the barrier to transpc}rt  is not as strong here.

Northern Hemisphere

l’ig. 7 shows SI)V fields in the Nll miclclle  and ]owcr st, ratosp})crc  oJi 4 Nov 1994.  AS

was sew) ill l~ig. 1, tllc vortex is strong at 840 K (and above). 465 K is below the level

where tllc  vortex has for]ncd,  and l)V gradients arc weak. ‘]’hc vortex is sl)iftecl slightly

off the pole towards 0° longituc]e;  this is before tlic formation of the clilllatological

“Aleutian high” which shifts the vortex further off tl~c pole in that dircc,tiolL  [e.g.,  Juckcs

and O ‘Ncdl, 1988], the formation of which was clclayed  until  late Jan 1995 during this
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NH winter.

Simulated high-resolution s1’V fields  (Fig. 8) show more clearly the material being

drawn up around the vortex from low latitudes and coiling up with air from the vortex

edge.  As is typical in Nll early winter, material is drawn in froln low latitudes and

off the vortex nearly continuously. ‘l’his  is thought to contribute to forming the main

vortex/surf zone structure [e.g., Juckcs and  O’Neill,  1988] by strengthening PV and

tracer gradients both along the vortex edge and in the subtropics. F’ip;.  8 shows that

adjacent KI’MOS measurements could sample very  difl”erent  tracer values, e.g., at 840

K, the measurement shown by a triangle (SS01, discussed in Ncwchumh ei al. [1 996] and

Chang  et al. [1 996]) near 230°13 may sample air characteristic of the vortex edge, while

the adjacent mcasurcmcnt  near 21 O“E may sample tropical or subtropical air. Although

the vortex is just forming at 465 K, material is also being  drawn up from the tropics

there, so that a mcasurclrlcnt  that samples vortex edge  air at higher levels may sample

subtropical air at this level (e.g., triangle). The complexity of the air motion over the

Pacific and western US at this time makes it especially important  to carefully interpret

detailed analyses and intcrcomparisons  [e.g., Chang  et al., 1996] of )ncasurcments  in

this region in view of the variety of meteorological conditions that lnay be sampled in a

small  region.

Summary

l)urillg  ArJ’IJAS-3,  the S11. polar vortex was still strong at levels below about 655 K,

and weakened rapicl]y  with increasing altituclc above this, with strong sPV gradients

still evident below about, 1000 K and coherent vortex fragments apparent up to about

1300 1{. ‘] ’hrougllout  N1’I,AS-3,  the S11 vortex was shifted ofl the )mlc toward 270” E.

S11 lower stratospheric tc]npcratures  below 195 K were observed a few days before

A’I’I,AS-3, which was 35-45 days after the last occurrcllcc  of tcln~wraturcs less than 188

K. In the N]], tl]c  vortex was developing during ATI,AS-3,  and a region  of strong sPV
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graclicnts  wasapparcnt  abovca,bout  550 K.

Silll~llated  l~ig}l-rcsol~lticJ1l  s}' Vficlds durillg  ArJ'I,AS-;lill  both the NII and SJI s h o w

that collsiderably  Illorcatnlospl~  cricvariability  tlla1l  tlLeficlds calcu]:itcdfl”ol~l  U K M O

analyses is cxpcctcd  to influence the ATMOS/ATl  ,AS-3  mcasurcmcl)ts.  This sort of

structure may lead to apparent discrepancies between A’.I’MOS tracer observations

and low-resolution PV fields. ‘1’hcse  calculations also show that ATMOS may sample

air with very different origins at different altitudes in the same profile, or in adjacent

mcasurcmcnts.
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Figure 1. sPV (contours, 10 -4 s--l) and sPV gradients (color~, 10-4 s -] /OI;ql,) on 6 Nov 1994,

as a function of l’;qIJ and 0.

Figure 2. Area integrals of s}’V for 1 Sep to 30 Nov 1994 in tile S11, at 840 (N] O hPa)  and 465

I< (w50 hI’a).  sI’V contour interval  is  0.2 x 1 0-4 s - ], bold contoul  is 1.4 x 10 -4 s-]. ‘1’hin

vertical lines show the A“J’l,AS-3  period.

Figure 3. Minitnum temperature polcwarc] of 40”S, for I Se]) to 30 Nov ]994. I)ark shading

is from 180-185 K and light shading froln 190-195 K. ‘1’hin \ertical  lines show the Aq’I,AS-3

period.

Figure 4. S11 sI’V at, 655 K (N20 hl’a) on each day of A’I’I,AS-3,  at. 12 GA4’J’.  Black dots are

locations of NJIMOS measurements during each day. ‘J’he projection  is orthographic) with 0°

at the top and 9001’; to the right; thin dasshec] lines are 30° and 60° S. Colltour  interval is 0.2

x 1 0-4 s -], with light shading fronl 1.2 to 1.4 x 10””4 s--l and dark shading from 0.6 to 0.8

x 10–4 s–l.

Figure 5. S11 sI’V maps at 1100, 840, 465, and 375 K on 6 Nov 1994. ],ayout  is as in l’ig. 4.

Figure 6. lligh-rcsolut,io]l s1’V fields from 10 day reverse trajectory calculations, for 4 Nov

1994 in the S11, at 1100, 840, 465 arid 375 K. I,ayout  is as in l’ig. 4.

Figure 7. As ill IJig. 5, but  in the N]] at 840 and 465 K. 0° longitude is at tile bottom

Figure 8. As in IJig.  6, but, in the NII at 840 and 585 K. I,ayout  is :is  in l’ig. 7.
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